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IN THE SPECIFICATION 
Please replace the paragraph beginning at page 1, line 6, with the following rewritten 
paragraph: 

Tho present invention relates to a semiconductor las e r d e vice having a two strip e 
structur e , a semiconductor laser modul e , and an optical fib e r amplifier using th e 
semiconductor laser modul e , and more particularly, to a s e miconductor las e r d e vic e , a 
s e miconductor las e r modul e , and an optical fiber amplifi e r using th e s e miconductor las e r 
module that has low d e gr ee of polarization, produc e s little b e at nois e ov e r a long distanc e , 
and e xhibit a high power output. The present invention relates to a technology to reduce 
degree of polarization, produce little beat noise over a long distance, and exhibit a high power 
output in a semiconductor laser device, a semiconductor laser module, and an optical fiber 
amplifier. 

Please replace the paragraph beginning at page 5, line 9, through page 18, line 2 with 
the following rewritten paragraphs: Th e s e miconductor laser device according to on e asp e ct 
of th e pr e s e nt inv e ntion includes a first strip e structure which has at least a first activ e lay e r 
d e posit e d on a part of tho area of a s e miconductor substrat e , and a first e l e ctrod e dispos e d on 
tho first active layer, and which e mits a first laser beam, a s e cond strip e structur e which has at 
least a s e cond active lay e r deposit e d on th e r e st of th e area of the s e miconductor substrat e , 
and a s e cond el e ctrod e disposed on the s e cond activ e layer, and which omits a second las e r 
b e am, and a non curr e nt inj e ction ar e a which is formed on a part of th e ar e a of th e upp e r 
surface of the first stripe structure and into which no inj e ction curr e nt flows. 

According to th e pr e sent inv e ntion, a s e miconductor las e r d e vic e having a W strip e 
structur e has a non curr e nt inj e ction ar e a on th e upp e r surfac e of on e of th e strip e s. 
Therefor e , th e l e ngths of r e sonators on th e two stripes ar e different e ffectiv e ly. Consequently, 
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th e oscillation longitudinal mod e spacing and th e oscillation longitudinal mode wav e length of 
th e first las e r b e am and th e s e cond las e r b e am differ. As a result, the oscillation longitudinal 
mod e s of th e two laser beams do not ov e rlap and h e nc e it is possible to r e duce the DOR 

Th e s e miconductor laser d e vic e according to another asp e ct of th e present invention 
further includ e s a s e cond non curr e nt inj e ction ar e a formed on a part of th e upp e r surfac e of 
th e s e cond strip e structur e and into which no current flows, the second non curr e nt inj e ction 
ar e a having a surfac e ar e a differ e nt from th e surfac e area of the first non injection area. 

According to th e pr e sent inv e ntion, th e surfac e ar e a of th e non curr e nt inj e ction ar e a 
in th e first strip e and th e s e cond strip e diff e r. Cons e qu e ntly, th e oscillation longitudinal mod e 
wav e l e ngths of th e las e r b e ams from th e two strip e structur e s ar e mad e to differ. 

Th e s e miconductor las e r d e vic e according to still anoth e r asp e ct of th e pr e s e nt 
inv e ntion includ e s th e non curr e nt injection ar e a form e d by disposing th e first el e ctrod e only 
on th e ar e a e xcluding th e non curr e nt inj e ction ar e a on the upp e r surfac e of th e first strip e 
structur e . 

According to th e pr e s e nt invention, th e non curr e nt inj e ction ar e a is form e d as an ar e a 
wh e re th e e l e ctrod e is not disposed. Cons e qu e ntly, it is possibl e to e asily form a non curr e nt 
injection area. 

Th e s e miconductor laser d e vic e according to still anoth e r aspect of th e pr e s e nt 
inv e ntion furth e r includes a first spac e r layer dispos e d b e tw ee n th e first active layer and th e 
first e l e ctrod e , a second s pac e r lay e r dispo se d betw ee n th e s e cond activ e lay e r and th e s e cond 
electrod e , a first diffraction grating which is dispos e d on a part of th e ar e a of th e first spacer 
layer, and which selects a first las e r b e am including a plurality of oscillation longitudinal 
modes having a specific c e nter wav e l e ngth, and a s e cond diffraction grating which is 
disposed on a part of th e area of th e s e cond spac e r lay e r, and which s e l e cts a s e cond laser 
b e am including a plurality of oscillation longitudinal mod e s having a sp e cific c e nt e r 
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wav e l e ngth. 

According to th e pres e nt inv e ntion, by providing diffraction gratings, it is possible to 
s e l e ct las e r b e ams having a plurality of oscillation longitudinal modes. Further, by providing 
a non current inj e ction area, it is possibl e to r e aliz e las e r oscillations in the first strip e 
structur e and th e s e cond strip e structur e that occur in oscillation longitudinal modes of 
diff e r e nt wav e l e ngths. 

Th e s e miconductor las e r d e vic e according to still anoth e r asp e ct of th e pres e nt 
invention includ e s th e first diffraction grating that is dispos e d in an ar e a b e low th e non 
curr e nt inj e ction ar e a. 

According to th e pr e s e nt inv e ntion, th e first diffraction grating is dispos e d in an ar e a 
b e low th e non curr e nt inj e ction ar e a. Ther e for e , ther e is no flow of curr e nt and a r e sultant 
variation of r e fractiv e index in th e first diffraction grating. Cons e qu e ntly, it is possibl e to 
r e duce th e variation of th e c e nt e r wav e l e ngth s e l e cted by th e first diffraction grating. 

Th e s e miconductor las e r d e vic e according to still anoth e r asp e ct of th e pr e s e nt 
inv e ntion includ e s a first strip e structur e which has at least a first activ e lay e r d e posit e d on a 
part of th e area of a s e miconductor substrate, and a fir s t el e ctrod e dispos e d on th e fir s t activ e 
lay e r, and which e mits a first las e r b e am, and a s e cond strip e structur e which has at l e ast a 
s e cond activ e lay e r deposit e d on th e r e st of th e ar e a of th e s e miconductor s ubstrat e , and a 
s e cond e l e ctrod e dispos e d on th e s e cond activ e lay e r, and which e mit s a s e cond las e r b e am. 
Th e th e rmal conduction e fficiency b e twe e n th e first activ e lay e r and th e first e l e ctrod e differs 
from th e th e rmal conduction e ffici e ncy b e tw ee n th e s e cond activ e lay e r and th e s e cond 
e l e ctrod e . 

According to the present inv e ntion, th e temp e ratur e in the first activ e lay e r and th e 
t e mp e ratur e in th e se cond activ e layer ar e mad e to diff e r by varying th e th e rmal conduction 
e ffici e ncy. Cons e qu e ntly, th e oscillation longitudinal mod e wavel e ngth of th e first las e r b e am 
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and th e oscillation longitudinal mod e wav e l e ngth of the second laser beam can bo mado to 
diff e r, so as to suppress th e overlapping of th e two oscillation longitudinal mod e s. As a 
result, it is possible to reduce the DOR 

The semiconductor laser devic e according to still another asp e ct of th e pres e nt 
invention furth e r includ e s a first diffraction grating disposed in th e vicinity of th e first active 
layer such that th e first las e r b e am has a plurality of oscillation longitudinal modes with a 
sp e cific center wav e l e ngth, and a s e cond diffraction grating dispos e d in the vicinity of the 
s e cond activ e lay e r such that the s e cond las e r b e am has a plurality of oscillation longitudinal 
mod e s with a sp e cific c e nt e r wav e l e ngth. 

According to the present invention, by providing diffraction gratings, a first las e r 
beam and a second las e r b e am e ach having a sp e cific c e nt e r wav e length and including a 
plurality of oscillation longitudinal mod e s can b e omitt e d. Furth e r, by varying th e rmal 
conduction e ffici e ncy in the first strip e structur e and th e second stripe structure, las e r 
oscillations of different oscillation longitudinal mod e wavelengths can bo realized. 

Th e s e miconductor laser device according to still anoth e r asp e ct of th e pr e s e nt 
invention has th e width of the first strip e structur e in th e lat e ral dir e ction and th e width of th e 
s e cond strip e structure in th e lat e ral dir e ction that differ from each oth e r. 

According to the pr e s e nt inv e ntion, th e th e rmal conduction e fficiency of th e first 
strip e and th e th e rmal conduction e fficiency of th e s e cond strip e can b e mad e to diff e r from 
e ach other by making the widths of the strip e structur e s in the lateral direction diff e r e nt. 

The semiconductor laser device according to still anoth e r asp e ct of th e pr e s e nt 
invention has th e distanc e b e tw ee n the first activ e lay e r and th e first e l e ctrod e and th e 
distanc e b e tw ee n the s e cond active lay e r and th e s e cond e l e ctrod e that differ from e ach oth e r. 

A ccording to th e pr e s e nt inv e ntion, it is possibl e to mak e th e th e rmal conduction 
e ffici e ncy of th e first strip e different from the thermal conduction efficiency of the second 
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stripe by varying th e distance botwoon tho active layer and the e l e ctrod e in tho first strip e and 
the second strip e . 

Tho semiconductor las e r d e vic e according to still anoth e r asp e ct of tho pr e s e nt 
invention furth e r includ e s a first clad lay e r d e posited b e tw ee n th e first activ e layer and th e 
first electrode, and a s e cond clad lay e r d e posit e d b e tween tho second active lay e r and th e 
s e cond e lectrod e , wherein tho thickness of tho first clad lay e r and th e thickn e ss of th e s e cond 
clad layer are different from e ach oth e r. 

According to th e pr e sent inv e ntion, th e distanc e b e twe e n th e activ e lay e r and th e 
e l e ctrod e is mad e to diff e r in th e first strip e and th e s e cond stripe by varying tho film 
thickn e ss of th e clad lay e r. Consequently, it is possible to make th e th e rmal cond uetien 
e ffici e ncy of th e first stripe differ e nt from th e th e rmal conduction e fficiency of th e s e cond 
stripe. 

Th e s e miconductor laser d e vic e according to still another asp e ct of th e pr e s e nt 
inv e ntion includ e s a first strip e structur e which has a first activ e layer deposit e d on a part of 
the area of a s e miconductor substrat e and a first diffraction grating dispos e d in th e vicinity of 
tho first active lay e r, and which e mits a first laser b e am having multipl e oscillation 
longitudinal mod e s with a specific c e nt e r wav e length, and a s e cond strip e structure which has 
a s e cond activ e lay e r d e posit e d on the rest of the area of th e s e miconductor substrate and a 
s e cond diffraction grating disposed in th e vicinity of th e second activ e lay e r, and which e mits 
a second laser beam having multipl e oscillation longitudinal mod e s with a sp e cific cent e r 
wav e l e ngth. Th e c e nter wav e length select e d by th e first diffraction grating and th e c e nt e r 
wavel e ngth s e l e cted by th e s e cond diffraction grating ar e diff e r e nt from each other. 

According to tho pr e s e nt inv e ntion, the structures of tho diffraction grating of th e first 
strip e and the second strip e differ. Cons e qu e ntly, it is possibl e to mak e th e c e nt e r wav e l e ngth 
sel e ct e d by th e first strip e differ e nt from th e c e nter wav e l e ngth s e l e cted by th e s e cond strip e . 
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Tho semiconductor laser dovic e according to still another aspect of the pr e s e nt 
invention includ e s a p e riod of th e first diffraction grating and a p e riod of the s e cond 
diffraction grating that diff e r from e ach oth e r such that th e cent e r wavelength selected by th e 
first diffraction grating and the cent e r wav e l e ngth s e l e ct e d by th e s e cond diffraction grating 
are diff e rent from e ach oth e r. 

According to th e pr e s e nt inv e ntion, th e period of th e diffraction grating in each strip e 
is made to diff e r. Cons e qu e ntly, it is possibl e to vary th e c e nt e r wav e length select e d by e ach 
s trip e . 

The se miconductor las e r d e vic e according to still another asp e ct of the present 
invention includ e s a first strip e structure which has a first activ e lay e r d e posited on a part of 
th e ar e a of a s e miconductor substrate and a first diffraction grating disposed in tho vicinity of 
th e first activ e layer that s e l e cts a first laser beam having multipl e oscillation longitudinal 
mod e s and a sp e cific center wav e l e ngth, and a second strip e structure which has a s e cond 
activ e lay e r deposit e d on th e rest of the ar e a of tho semiconductor substrate and a s e cond 
diffraction grating dispos e d in the vicinity of tho second active layer that s e l e cts a s e cond 
las e r b e am having multipl e oscillation longitudinal mod e s and a sp e cific center wav e l e ngth. 
A diff e r e nc e b e tw ee n the c e nter wavelength of tho first las e r b e am and th e c e nt e r wav e l e ngth 
of th e s e cond laser b e am is not loss than 0.5 tim e s a wav e l e ngth spacing b e tw ee n th e 
adjoining oscillation longitudinal modes of th e first laser b e am or th e s e cond laser b e am. 

According to tho present inv e ntion, the diff e r e nc e b e tw e en th e c e nt e r wav e l e ngth of 
th e first las e r b e am and th e c e nt e r wav e length of th e s e cond laser b e am is not l e ss than 0.5 
tim e s th e wav e l e ngth spacing b e tw ee n th e adjoining oscillation longitudinal mod e s of th e 
first las e r b e am or th e s e cond las e r beam. Cons e quently, it is possibl e to reduce the DOP of 
tho combin e d light, irr e sp e ctiv e of whether th e oscillation longitudinal modes of th e laser 
beams e mitt e d from the two strip e s overlap or not. 
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Tho semiconductor las e r device according to according to still anoth e r asp e ct of th e 
present invention has th e diff e r e nc e b e tween the cent e r wav e l e ngth of th e first laser beam and 
th e cent e r wavelength of tho second laser b e am which is not l e ss than 1.5 tim e s the 
wav e l e ngth spacing b e twe e n th e adjoining oscillation longitudinal modes of tho first laser 
b e am or tho s e cond las e r beam. 

According to th e pr e sent inv e ntion, th e diff e r e nc e betw ee n th e cent e r wav e l e ngth of 
tho first laser beam and th e c e nter wavelength of th e second las e r b e am is not less than 1 .5 
tim e s th e wav e length spacing betw e en tho adjoining oscillation longitudinal mod e s of th e 
first las e r b e am or th e s e cond las e r beam. Cons e qu e ntly, it is possibl e to reduce tho DOP of 
th e combin e d light to 10% or low e r, irresp e ctiv e of wh e th e r th e oscillation longitudinal 
modes of the las e r b e ams emitt e d from the two strip e s ov e rlap or not. 

The s e miconductor laser devic e according to still anoth e r asp e ct of th e pr e sent 
inv e ntion has th e diff e r e nc e betw ee n tho center wavelength of tho first laser beam and th e 
center wav e l e ngth of th e s e cond las e r b e am which is not less than 5 times tho wavelength 
spacing b e tw ee n th e adjoining oscillation longitudinal modes of the first las e r b e am or the 
s e cond las e r b e am. 

According to th e pr e s e nt invention, th e difference b e twe e n th e c e nt e r wav e l e ngth of 
the first las e r b e am and th e c e nt e r wavel e ngth of tho second laser beam is not l e ss than 5 
tim e s th e wav e l e ngth spacing b e tw ee n th e adjoining oscillation longitudinal modes of tho 
first las e r b e am or the s e cond las e r b e am. Cons e qu e ntly, it is possibl e to r e duce tho DOP of 
th e combin e d light to 5% or low e r, irr e sp e ctiv e of wh e th e r the o s cillation longitudinal mod e s 
of the las e r b e ams e mitt e d from tho two strip e s ov e rlap or not. 

Th e s e miconductor laser d e vice according to still another asp e ct of th e pr e s e nt 
invention includ e s a first strip e structure which has a first active layer deposited on a part of 
th e ar e a of a semiconductor substrate and a first diffraction grating that s e l e cts a first laser 
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b e am having multiple oscillation longitudinal modoo and a sp e cific cent e r wav e length, and a 
s e cond strip e structur e which has a se cond active lay e r d e posited on the r e st of th e ar e a of th e 
s e miconductor substrat e and a se cond diffraction grating that s e l e cts a s e cond las e r b e am 
having multiple oscillation longitudinal mod e s and a sp e cific cent e r wav e l e ngth. A diff e r e nc e 
b e tween the peak wav e length of the first las e r beam and the peak wavelength of the second 
las e r b e am is not loss than 0.01 nm. 

According to th e pr e s e nt inv e ntion, the diff e r e nc e betw ee n th e p e ak wavel e ngth of th e 
first las e r beam and th e p e ak wav e l e ngth of th e s e cond las e r b e am is not l e ss than 0.01 nm. 
Cons e quently, th e ov e rlapping of two oscillation longitudinal mod e s is suppress e d. As a 
r e sult, it is possible to reduc e th e DOR 

The semiconductor las e r d e vice according to still anoth e r asp e ct of the pr e s e nt 
inv e ntion includes a first strip e structure which has a first activ e lay e r d e posited on a part of 
th e ar e a of a s e miconductor substrat e and a first diffraction grating that s e lects a first laser 
b e am having multipl e oscillation longitudinal modes and a sp e cific c e nt e r wav e l e ngth, and a 
s e cond strip e structur e which has a s e cond activ e lay e r d e posit e d on the r es t of th e ar e a of th e 
s e miconductor substrat e and a s e cond diffraction grating that s e l e cts a s e cond las e r b e am 
having multipl e oscillation longitudinal mod e s and a sp e cific c e nt e r wav e l e ngth. A diff e r e nc e 
b e tw ee n th e wav e l e ngth of all th e oscillation longitudinal mod e s having int e nsity not more 
than 3 dB below a peak power in the first laser beam and the wavelength of all th e oscillation 
longitudinal mod e s having int e nsity not more than 3 dB below a peak power in th e s e cond 
laser b e am, is not l e ss than 0.01 nm. 

According to th e pr e s e nt invention, th e diff e r e nce b e tw ee n two oscillation 
longitudinal mod e s abov e a s p e cific pow e r is not l e ss than 0.01 nm. Cons e qu e ntly, the 
ov e rlapping of two oscillation longitudinal mod e s is suppr e ss e d. As a r e sult, it is possibl e to 
reduce the DOR 
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Tho s e miconductor las e r d e vic e according to still another aspect of th e pres e nt 
invention has th e differ e nc e not l e ss than 0.1 nm. 

According to th e pres e nt invention, th e diff e r e nce is not loss than 0.1 run. 
Consequently, th e overlapping of two oscillation longitudinal mod e s is suppr e ss e d. As a 
result, it is possible to r e duc e th e DOR 

Th e s e miconductor las e r d e vice according to still anoth e r aspect of th e pr e s e nt 
invention has an oscillation wav e l e ngth sp e ctrum form e d by th e plurality of oscillation 
longitudinal mod e s that b e long to th e first las e r b e am and an oscillation wavelength sp e ctrum 
form e d by th e plurality of oscillation longitudinal mod e s that b e long to th e s e cond las e r 
beam, which do not cross e ach oth e r in a rang e in which th e int e nsity diff e r e nc e with r e sp e ct 
to the p e ak power is not more than 3 dB. 

According to th e present invention, portions abov e a sp e cific intensity in th e two 
oscillation wavel e ngth sp e ctrums do not cross e ach other. Consequently, e ven if oscillation 
longitudinal mod e s ov e rlap, th e int e nsity of th e s e oscillation longitudinal modes is small. As 
a r e sult, it is possibl e to r e duce th e DOR 

Th e s e miconductor laser d e vic e according to still anoth e r asp e ct of th e pr e s e nt 
inv e ntion has tho c e nt e r wav e l e ngth of th e s e cond las e r b e am low e r than th e c e nt e r 
wav e l e ngth of th e first laser beam, and a diff e r e nc e b e tw ee n a frequ e ncy corresponding to th e 
minimum wavelength of tho oscillation longitudinal mod e s having int e nsity not more than 10 
dB b e low th e p e ak pow e r in the first laser b e am and a frequ e ncy corr e sponding to th e 
maximum wav e l e ngth of th e oscillation longitudinal modes having int e nsity not more than 10 
dB below the p e ak pow e r in the s e cond las e r b e am, which is gr e at e r than an el e ctrical 
fr e quency band width of an optical transmission syst e m b e ing us e d. 

According to th e pr e s e nt invention, the oscillation longitudinal mod e s of th e first las e r 
b e am and th e oscillation longitudinal mod e s of the s e cond laser b e am abov e a sp e cific pow e r 
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hav e a frequ e ncy diff e r e nc e not less than a sp e cific valu e . Cons e qu e ntly, it is possibl e to 
suppr e ss the boat nois e , or ev e n if th e b e at nois e do e s occur, it is possibl e to cause it to occur 
outsid e the fr e qu e ncy band of th e optical transmission system being used. 

The semiconductor laser modul e according to still another aspect of tho pres e nt 
invention includ e s a s e miconductor laser device according to th e pr e s e nt inv e ntion, a first 
lens on which th e first laser beam and tho second laser b e am emitt e d from the semiconductor 
lasor d e vice are incident, a polarization rotating unit into which only any on e of th e first las e r 
beam and tho second laser b e am that hav e pass e d through th e first l e ns is incid e nt, and which 
rotates tho polarization plan e of th e incid e nt las e r b e am by a pr e d e t e rmin e d angl e , a 
polarization combining unit having a first port on which tho first las e r beam from th e first 
l e ns or th e polarization rotating unit is incid e nt, a s e cond port on which the s e cond laser beam 
from th e polarization rotating unit or th e first l e ns is incid e nt, and a third port from which th e 
first las e r b e am incid e nt from th e first port and th e s e cond las e r b e am incid e nt from th e 
s e cond port ar e combin e d and e m e rge, and an optical fibor which r e c e ives tho lasor boams 
e m e rging from th e third port of the polarization combining unit, and which transmits th e 
rec e iv e d laser b e ams to th e outsid e . 

According to tho pr e sent inv e ntion, the first las e r b e am and th e s e cond las e r b e am that 
ar e e mitt e d from th e s e miconductor las e r d e vic e ar e polarization combined, and th e 
polarization combined b e am is output to th e optical fib e r. Th e refore, it is possibl e to e mit a 
las e r b e am with a r e duc e d DOR 

Th e s e miconductor modul e according to still another asp e ct of th e pr e s e nt inv e ntion 
has th e first l e ns that is a single l e ns which s e parat e s the first las e r beam and the second laser 
beam so as to wid e n a distanc e b e tween the two laser beams. 

According to th e pr e sent invention, tho single Ions is us e d to s e parat e th e first las e r 
beam and th e second lasor boam so as to wid e n the distanc e between th e two las e r b e ams, and 
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the two laser beams ar e first separat e d and then polarization combined. Cons e qu e ntly, e v e n 
if th e stripes ar e close to each oth e r, it is possible to e asily design and ass e mbl e th e parts for 
polarization combining th e two las e r beams emitted from those stripes. 

The optical fib e r amplifi e r according to still another aspect of the pr e s e nt inv e ntion 
includ e s a pump light source w r hich uses a semiconductor las e r d e vic e or a s e miconductor 
las e r modul e according to th e pr e sent inv e ntion, a coupl e r that coupl e s a signal light with a 
pump light, and an amplification optical fib e r which amplifi e s a light by a Raman 
amplification. 

According to th e pr e sent inv e ntion, th e abov e s e miconductor las e r d e vic e or 
s e miconductor las e r modul e is used. Th e r e for e , it is possibl e to provide an optical fib e r 
amplifi e r that is pumped by las e r b e ams with reduc e d DOR It is an object of the present 
invention to solve at least the problems in the conventional technology. 

The semiconductor laser device according to one aspect of the present invention 
includes a first stripe structure that has at least a first active layer grown on a first portion of a 
semiconductor substrate and a first electrode formed on the first active layer, and emits a first 
laser beam, a second stripe structure that has at least a second active layer grown on a second 
portion of the semiconductor substrate and a second electrode formed on the second active 
layer, and emits a second laser beam, and a non-current-iniection area that is formed on a 
portion of an upper surface of the first stripe structure. 

The semiconductor laser device according to another aspect of the present invention 
includes a first stripe structure that has at least a first active layer grown on a first portion of a 
semiconductor substrate and a first electrode formed on the first active layer, and emits a first 
laser beam, and a second stripe structure that has at least a second active layer grown on a 
second portion of the semiconductor substrate and a second electrode formed on the second 
active layer, and emits a second laser beam. A thermal conduction efficiency between the 
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first active layer and the first electrode differs from a thermal conduction efficiency between 
the second active layer and the second electrode. 

The semiconductor laser device according to still another aspect of the present 
invention includes a first active layer grown on a first portion of a semiconductor substrate, a 
first stripe structure that has a first diffraction grating formed in a vicinity of the first active 
layer, and emits a first laser beam having a plurality of longitudinal modes with a specific 
center wavelength, a second active layer grown on a second portion of the semiconductor 
substrate, and a second stripe structure that has a second diffraction grating formed in a 
vicinity of the second active layer, and emits a second laser beam having a plurality of 
longitudinal modes with a specific center wavelength. The center wavelength selected by the 
first diffraction grating differs from the center wavelength selected by the second diffraction 
grating. 

The semiconductor laser device according to still another aspect of the present 
invention includes a first stripe structure that has a first active layer grown on a first portion 
of a semiconductor substrate and a first diffraction grating formed in a vicinity of the first 
active layer, which selects a first laser beam having a plurality of longitudinal modes with a 
specific center wavelength, and a second stripe structure that has a second active layer grown 
on a second portion of the semiconductor substrate and a second diffraction grating formed in 
a vicinity of the second active layer, which selects a second laser beam having a plurality of 
longitudinal modes with a specific center wavelength. A difference between the center 
wavelength of the first laser beam and the center wavelength of the second laser beam is not 
less than 0.5 times a mode spacing of either of the first laser beam and the second laser beam. 

The semiconductor laser device according to still another aspect of the present 
invention includes a first stripe structure that has a first active layer grown on a first portion 
of a semiconductor substrate and a first diffraction grating formed in a vicinity of the first 
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active layer, which selects a first laser beam having a plurality of longitudinal modes with a 
specific center wavelength, and a second stripe structure that has a second active layer grown 
on a second portion of the semiconductor substrate and a second diffraction grating formed in 
a vicinity of the second active layer, which selects a second laser beam having a plurality of 
longitudinal modes with a specific center wavelength. A difference between a peak 
wavelength of the first laser beam and a peak wavelength of the second laser beam is not less 
than 0.01 nanometers. 

The semiconductor laser device according to still another aspect of the present 
invention includes a first stripe structure that has a first active layer grown on a first portion 
of a semiconductor substrate and a first diffraction grating formed in a vicinity of the first 
active layer, which selects a first laser beam having a plurality of longitudinal modes with a 
specific center wavelength, and a second stripe structure that has a second active layer grown 
on a second portion of the semiconductor substrate and a second diffraction grating formed in 
a vicinity of the second active layer, which selects a second laser beam having a plurality of 
longitudinal modes with a specific center wavelength. A difference between wavelengths of 
all the oscillation longitudinal modes that have a difference of not more than 3 dB with 
respect to a peak power of the first laser beam and wavelengths of all the oscillation 
longitudinal modes that have a difference of not more than 3 dB with respect to a peak power 
of the second laser beam is not less than 0.01 nanometers. 

The semiconductor laser module according to still another aspect of the present 
invention includes a semiconductor laser device according to the present invention, a first 
lens into which the first laser beam and the second laser beam are incident, a polarization 
rotating unit into which either of the first laser beam and the second laser beam that have 
passed through the first lens is incident, and rotates the polarization plane of the incident laser 
beam by a predetermined angle, a polarization-combining unit which has a first port to which 
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the first laser beam is incident from either of the first lens and the polarization rotating unit, a 
second port to which the second laser beam is incident from either of the first lens and the 
polarization rotating unit, and a third port that combines the first laser beam and the second 
laser beam, and an optical fiber that receives a laser beam output from the third port of the 
polarization-combining unit, and transmits the laser beam to outside. 

The optical fiber amplifier according to still another aspect of the present invention 
includes a pump light source that employs a semiconductor laser device according to the 
present invention or a semiconductor laser module according to the present invention, an 
optical coupler that couples a signal light with a pump light, and an amplification optical fiber 
that amplifies a light based on a Raman amplification. 

The other objects, features and advantages of the present invention are specifically set 
forth in or will become apparent from the following detailed descriptions of the invention 
when read in conjunction with the accompanying drawings. 

Please replace the paragraph beginning at page 18 through page 20, line 9, with the 
following rewritten paragraph: 

Fig. 1 is a front cross-section of a semiconductor laser device according to a first 
embodiment of the present invention; Fig. 2 is a cross-section of the semiconductor laser 
device shown in Fig. 1 cut along the line A-A; Fig. 3 is a cross-section of the semiconductor 
laser device shown in Fig. 1 cut along the line B-B; Fig. 4 is a front cross-section of a 
modification of the semiconductor laser device according to the first embodiment; Fig. 5 is a 
front cross-section of a semiconductor laser device according to a second embodiment of the 
present invention; Fig. 6(a) Fig. 6A and Fig. 6(b) Fig. 6B are cross-sections of the 
semiconductor laser device shown in Fig. 5 cut along the line A-A and the line B-B, 
respectively; Fig. 7 shows an oscillation wavelength spectrum and oscillation longitudinal 
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modes of one center wavelength in the semiconductor laser device shown in Fig. 5; Fig. 8 
illustrat e s Fie. 8A and Fig. 8B illustrate a relation between optical intensity of the oscillation 
longitudinal mode and a threshold value of an stimulated Brillouin scattering in the cases of 
single longitudinal mode oscillation and multi-longitudinal mode oscillation, respectively; 
Fig. 9 is a cross-section of a semiconductor laser device according to a third embodiment of 
the present invention; Fig. 10 is a cross-section of a semiconductor laser device according to 
a modification of the third embodiment; Fig. 11(a) Fig. 11 A and Fig. ll(b) Fig. 11B are side 
cross-sections of a semiconductor laser device according to a fourth embodiment of the 
present invention; Fig. 12 is a graph showing the correlation between a center wavelength 
difference and a degree of polarization; Fig. 13(a) Fig. 13 A and Fig. 13(b) Fig. 13B illustrate a 
relation between a center wavelength of a diffraction grating and a wavelength of an 
oscillation longitudinal mode of peak intensity of each laser beam in the semiconductor laser 
device according to the fourth embodiment; Fig. 14 illustrates a status of overlapping of 
oscillation longitudinal modes for a case of a wavelength difference of 0.2 nm; Fig. 15 is 
oscillation spectrum waveforms of two laser beams in a condition where a wavelength 
difference is set in such a way that an oscillation longitudinal mode of one laser beam is 
interleaved between two adjacent oscillation longitudinal modes of the other laser beam; Fig. 
16 illustrates a status of two oscillation wavelength spectrums not intersecting each other 
above a specific intensity; Fig. 17 is a block diagram F ig. 17Aand Fig. 17B are schematic 
diagrams of a semiconductor laser beam source; Fig. 18 illustrates oscillation spectral 
waveforms of two laser beams by which the beat noise frequency range becomes out of the 
frequency range of an optical transmission system; Fig. 19 is a graph of oscillation spectral 
waveforms of two laser beams having different center wavelengths by 1 .5 nm; Fig. 20 is a 
graph of RIN measured for a polarization-combined light that has transmitted over a long 
distance; Fig. 21 is a side cross-section of a semiconductor laser module according to a fifth 
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embodiment of the present invention; Fig. 22 is a schematic explanatory diagram of the 
semiconductor laser module according to the fifth embodiment; Fig. 23(b) Fig. 23B and Figr 
23(b) Fig. 23B are a side view and a plan view of a prism, respectively; Fig. 24(a) Fig. 24 A, 
Fig. 2 4 (b) Fig. 24B, and Fig. 24(c) Fig. 24C are a plan cross-section, a side cross-section, and 
a front view of a holder supporting a prism a half-wave plate and a polarization-combining 
unit, respectively, and Fig.2 4 (d) Fig. 24B is a perspective view of the holder supported by a 
second supporting member; Fig. 25 is a block diagram of an optical fiber amplifier according 
to a sixth embodiment of the present invention; Fig. 26 is a block diagram of a conventional 
optical fiber amplifier; and Fig. 27 is a graph illustrating a beat noise generated after 
propagating a long distance according to a conventional technology. 

Page 20, line 21, please delete in its entirety. 
Page 27, line 16, please delete in its entirety. 

Please replace the paragraph beginning at page 28, line 5 with the following rewritten 
paragraph: 

Fig. 6(a Y Fig. 6A is a cross-section of the semiconductor laser device shown in Fig. 5 cut 
along the line A- A. As shown in this drawing, the semiconductor laser device according to 
the second embodiment has a structure in which a diffraction grating 23a is disposed in a part 
of the area within the p-InP spacer layer 17a. Fig. 6(b) Fig. 6B is a cross-section of the 
semiconductor laser device shown in Fig. 5 cut along the line B-B, which shows that a 
diffraction grating 23b is disposed in a part of the area within the p-InP spacer layer 17b. 

Please replace the paragraph beginning at page 28, line 13 with the following 
rewritten paragraph: 

These diffraction grating 23 a and 23b are made of p-InGaAsP. Each diffraction 
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grating has a film thickness of 20 nm, and a length of 50 ^m in a laser emission direction (i.e. 
the lateral direction in Fig. 6(a) Fig. 6A and Fig. 6(b Y Fig. 6B ). Further, each diffraction 
grating has a single period of 220 nm. The diffraction gratings 23a and 23b being constituted 
as such, they can select a laser beam that has a plurality of oscillation longitudinal modes 
having a center wavelength of 1480 nm. 

Please replace the paragraph beginning at page 28, line 20 with the following 
rewritten paragraph: 

As shown in Fig. 6(a) Fig. 6A , the stripe 1 8a has a p-side electrode 8a disposed over 
the whole surface of a p-InGaAsP contact layer 7. As shown in Fig. 6(b) Fig. 6B , the stripe 
18b has a p-side electrode 8b disposed on a portion on the p-InGaAsP contact layer 7, thereby 
forming a non-current-injection area 14 on the area on which the p-side electrode 8b is not 
disposed. A low reflection film is made to have a light reflectivity of not more than 1%, 
preferably not more than 0.01% so that the effect of reflection of Fabry Perot modes at the 
emission end surface is suppressed. 

Please replace the paragraph beginning at page 30, beginning at line 21, through page 
31, line 6 with the following rewritten paragraph: 

The use of such laser beam having a plurality of oscillation longitudinal modes makes 
it possible to obtain a high laser output overall, with the intensity of individual oscillation 
longitudinal mode being suppressed as compared with the case of a laser beam oscillating in 
single longitudinal mode. For instance, the semiconductor laser device according to the 
second embodiment has an oscillation spectrum shown in Fig. 8(b) Fig. 8B, where a high laser 
output is achieved overall with reduced intensity of individual longitudinal mode. On the 
other hand, Fig. 8(a") Fig. 8A shows an oscillation spectrum of a semiconductor laser device 
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that oscillates in a single longitudinal mode to obtain the same laser output, where the 
longitudinal mode has a larger intensity. 

Please replace the paragraph beginning at page 31, beginning at line 7, with the 
following rewritten paragraph: 

That is, when the semiconductor laser device is used as a pump light source for the 
Raman amplifier, it is preferable to increase a pumping optical output power in order to 
increase a Raman gain. However, if the oscillation longitudinal mode is intense, noise is 
generated to a greater extent through stimulated Brillouin scattering. Since the stimulated 
Brillouin scattering occurs when the oscillation longitudinal mode intensity exceeds the 
threshold Pth, Brillouin scattering can be suppressed by including a plurality of oscillation 
longitudinal modes within the laser beam, while keeping overall laser output, and thereby 
suppressing the intensity of each oscillation longitudinal mode below the threshold Pth of 
stimulated Brillouin scattering, as shown in Fig. 8(b) Fig. 8 B. In this way, a high Raman gain 
can be obtained. 

Page 33, line 16, please delete in its entirety. 

Page 37, line 13, please delete in its entirety. 

Page 38, line 13, please delete in its entirety. 

Please replace the paragraph beginning at page 38, beginning at line 22, through page 
39, line 8, with the following rewritten paragraph: 

Fig. IKa V Fig. 11 A and Fig. ll(b) Fig. 11B are a side cross-sections that show the 
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structure of the semiconductor laser device according to the fourth embodiment (the front 
cross-section is the same as Fig. 5 and hence is omitted). Fig. ll(a ) Fig. 11 A illustrates a 
stripe 52a that includes a diffraction grating 53a. Fig. llftO Fig. 11 B illustrates a stripe 52b 
that includes a diffraction grating 53b. The diffraction gratings 53a and 53b have different 
periods so that the center wavelength selected by the diffraction grating 53a is different from 
the center wavelength selected by the diffraction grating 53b. In the present embodiment, 
based on the above structure, it is possible to reduce the DOP of a polarization-combined 
laser beam, the reason for which is explained below. 

Please replace the paragraph beginning at page 42, beginning at line 14, with the 
following rewritten paragraph: 

The conditions that the diffraction gratings 53a and 53b must meet in order to select 
different center wavelengths will be examined with reference to Fig. 13(a) Fig. 13 A . Figr 
±3fa }Fig. 13 A illustrates an instance in which the oscillation longitudinal mode of maximum 
intensity (with peak wavelength A^i) of the first laser beam is on the short wavelength side 
with respect to the center wavelength Xq\ of the diffraction grating 53a formed in the first 
stripe structure 52a, and the oscillation longitudinal mode of maximum intensity (with peak 
wavelength Xp 2 ) of the second laser beam is on the long wavelength side with respect to the 
center wavelength A, G2 of the diffraction grating 53b formed in the second stripe structure 
52b. 

Please replace the paragraph beginning at page 42, beginning at line 25, through page 
43, line 9, with the following rewritten paragraph: 

According to the curve h in Fig. 12, a DOP can be reduced at least to 10% or less if the 
wavelength difference AAp (=^1-^2) is not less than half of the oscillation longitudinal mode 
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spacing AX (=0.2 nm) (that is, not less than 0.1 run). Referring to Fig. 13(a) Fig. 13 A, the 
difference AXq (=Xg\-X G 2) between the center wavelengths of the diffraction gratings required 
for the DOP of the combined light to be 10% or lower irrespective of whether the oscillation 
longitudinal modes of the laser beams emitted from the two stripes overlap or not, can be 
calculated as given below: 

AX G > AX/2 + AX/2 + AX/2 = 1 .5 AX (2) 

Please replace the paragraph beginning at page 43, beginning at line 10, with the 
following rewritten paragraph: 

Similarly, according to the curve h in Fig. 12, a DOP can be reduced at least to 5% or 
less if the wavelength difference AXp is not less than four times the oscillation longitudinal 
mode spacing AX (that is, not less than 0.8 nm). Referring to Fig. 13(a) Fig. 13 A, the 
difference AXq between the center wavelengths of the diffraction gratings required for the 
DOP of the combined light to be 5% or lower irrespective of whether the oscillation 
longitudinal modes of the laser beams emitted from the two stripes overlap or not, can be 
calculated as given below: 

AX G > AX/2 + AX/2 + 4AX = SAX (3) 

Please replace the paragraph beginning at page 43, beginning at line 25, through page 
44, line 12, with the following rewritten paragraph: 

Further, referring to Fig. 13(a) Fig. 13A , the difference AA,g between the center wavelengths 
can be reduced when the peak wavelength is more or less equal to the center wavelength, that 
is, when Xp\^X G \ and Xp2~^G2. In this case, the wavelength difference AXp is not less than 
half of the oscillation longitudinal mode spacing AX when: 
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AX G *AXp> AX/2 (4) 

If AA, G =AA.p, then AX G >AX/2, then according to the curve 1 2 in Fig. 12, the DOP reduces to 

10% or lower. Even if AX G and AXp are only more or less the same and do not match exactly, 

the DOP can be reduced to about 10%. In Fig. 13(al Fig. 13A and FieAKb Wiz. 13B , if the 

two stripes emit laser beams with different oscillation longitudinal modes, the DOP of the 

combined light can be reduced by applying any one of oscillation longitudinal mode spacing 

AX in expressions (2) through (4). 

Please replace the paragraph beginning at page 44, beginning at line 13, through page 
45, line 12, with the following rewritten paragraph: 

Another method for determining the center wavelength of the diffraction grating of each 
stripe so that the DOP of the combined light can be reduced is to evade overlapping of the 
oscillation wavelength spectrums 54 and 55 of two laser beams on their portion above a 
specific power, as shown in Fig. 16. To be more specific, the center wavelength difference of 
the diffraction gratings AXp (-X ^-^x^AXn should be set such that the portion of the 
oscillation wavelength spectrums 54 and 55 having an intensity difference not more than 3 
dB with respect to the maximum intensities of the laser beams do not cross each other. In the 
schematic diagram shown in Fig. 16, even though the oscillation longitudinal mode 56a 
belonging to the oscillation wavelength spectrum 54 and the oscillation longitudinal mode 
57a belonging to the oscillation wavelength spectrum 55 are overlapping, the overlapping is 
negligible enough to keep DOP from increasing to a large extent, since the difference 
between the intensity of the oscillation longitudinal mode 57a and the maximum intensity of 
the laser beam is more than 3 dB. For similar reasons, even though the oscillation 
longitudinal mode 57b belonging to the oscillation wavelength spectrum 55 and the 
oscillation longitudinal mode 56b belonging to the oscillation wavelength spectrum 54 are 
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overlapping. The overlapping has negligible influence on DOR In order to reduce the DOP 
further, it is preferable to set the cienter wavelength difference AXpAXg such that the 
oscillation wavelength spectrums 54 and 55 do not cross in the range in which the intensity 
difference with respect to the maximum intensity of the laser beams is not more thanlO dB. 

Please replace the paragraph beginning at page 45, beginning at line 13, with the 
following rewritten paragraph: 

In this way, it is possible to realize a semiconductor laser device in which the DOP of 
the polarization-combined laser beam can be effectively reduced, by setting the wavelength 
difference A^AXq to be 1.5 times, preferably 5 times, the oscillation longitudinal mode 
spacing AX, or by setting the wavelength difference A^pAXn such that the oscillation 
wavelength spectrums do not cross in the range in which the intensity ratio to the maximum 
is not more than a predetermined value, specifically 3 dB, or preferably 10 dB. 

Please replace the paragraph beginning at page 45, beginning at line 21, through page 
46, with the following rewritten paragraph: 

This method of setting the wavelength difference AXp is not limited to the 
semiconductor laser beam source formed from a semiconductor laser device having a W 
stripe structure, but is applicable to the semiconductor laser beam source formed from two 
separate semiconductor laser devices which has a stripe each on two different substrates. In 
the latter case as well, the DOP of the polarization-combined beams can be effectively 
reduced by setting the wavelength difference AXp as described above. To be more specific, 
the structures shown in Fig. 17(a) Fig. 17A and Fig. 17(b) Fig. 17B can be used. As shown in 
Fig. 17(a), an pump light source with reduced DOP can be fabricated by a semiconductor 
laser beam source 59a that includes two semiconductor laser devices 58a and 58b each 
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having a single stripe , which have a wavelength difference of AA.p in the range described 
above. The laser beams emitted from the two semiconductor laser devices 58a and 58b are 
orthogonally polarization-combined by a polarization-combining coupler 60. 

Please replace the paragraph beginning at page 46 beginning at line 12, through page 
47, with the following rewritten paragraph: 

Alternatively, as shown in Fig. 17(b) Fig. 17B, laser beams emitted from two single 
stripe semiconductor laser devices 58a and 58b that form the semiconductor laser beam 
source 59b can be directed into the polarization-combining coupler (cube beam splitter) 62 in 
such a way that the two laser beams are orthogonal to each other. The laser beam which is 
emitted from the single stripe semiconductor laser device 58a and collimated by a lens 61a 
and the laser beam which is emitted from the single stripe semiconductor laser device 58b, 
collimated by a lens 61b, and passed through a half- wave plate 61c, are orthogonally 
polarization-combined by the polarization-combining coupler 62. Thus, a light with reduced 
DOP is input into a transmission optical fiber 64. In the semiconductor laser beam source 
shown in Fig. 17(a) Fig. 17A and Fig. 17(b) Fig. 17B , the two laser beams can be made to 
have a wavelength difference described above by appropriately adjusting the temperature of 
each semiconductor laser device. 

Please replace the paragraph beginning at page 47 beginning at line 2, with the 
following rewritten paragraph: 

In the semiconductor laser device having a W stripe structure and in the beam source 
having the single stripe semiconductor laser devices shown in Fig. 17(a V Fig. 17A and Figr 
4-7{ Wig. 17 B, the DOP of the combined light can be reduced by setting the wavelength of 
the two laser beam between the cyclical peak of the DOP shown in Fig. 12 through a fine- 
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tuning of the wavelength of each laser beam. For instance, according to the trend of the 
curve h of Fig. 12, the DOP of the combined light can be lowered by making the wavelength 
difference of the oscillation longitudinal modes of the laser beams emitted from the two 
semiconductor light sources not less than 0.01 nm, preferably not less than 0.1 nm. Here, the 
above wavelength difference may be made on all the oscillation longitudinal modes. 
However, it may be made only on the oscillation longitudinal modes of a specific intensity or 
higher. This is because the oscillation longitudinal modes of higher intensity contribute more 
to reducing DOP of the combined light. To be more specific, the DOP of the combined light 
can be reduced by making the above-described wavelength difference on the oscillation 
longitudinal modes of intensity ratio not more than 3 dB, preferably not more than 10 dB, to 
the peak intensity. 

Page 50, line 25, please delete in its entirety. 

Please replace the paragraph beginning at page 53, line 15, through page 54, with the 
following rewritten paragraph: 

Fig. 23(a) Fig. 23A is a side view showing a structure of the prism 75, and Figr 
23{b 4Fig. 23B is a plan view of this prism. As shown in Fig. 23(a) Fig. 23A and Fig. 
23(b) Fig. 23 B, the prism 75 is about 1.0 mm in total length LI, and has a flat input surface 
75a and an output surface 75b inclined at a specific angle 9 (0 lies in a range 3.2°±0.1°). 

Please replace the paragraph beginning at page 54, line 10, with the following 
rewritten paragraph: 

In the present embodiment, the prism 75, the half-wave plate 76, and the polarization 
beam combiner 77 are fixed to a common holder member 84. Fig. 2 4 (a) Fig. 24A is a plan 
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cross-section showing the holder member 84 supporting the prism 75, the half- wave plate 76, 
and the polarization beam combiner 77, Fig. 2 4 (b) Fig. 24 B is a side cross-section of this 
holder, and Fig. 24(c) is a front view of this holder. As shown in Fig. 2 4 (a) Fig. 24A, Figr 
24<¥> Fig. 24 B, and Fig. 2 4 (c) Fig. 24 C the holder member 84 is prepared using a material to 
which YAG laser welding can be applied (for example, SUS403, 304, and the like). The 
holder member 84 has a total length L2 of about 7.0 mm, and is substantially cylindrical in 
shape. The holder member 84 has an accommodating section 84a, where the prism 75, the 
half-wave plate 76, and the polarization beam combiner 77 are fixed. The upper part and 
lower part of the holder member 84 are flat. 

Please replace the paragraph beginning at page 54, line 24, through page 55, with the 
following rewritten paragraph: 

As shown in Fig. 2 4 (d) Fig. 24 D, the holder member 84 is fixed between two upright 
walls of a second supporting member 89b having substantially a U-shaped cross-section. The 
holder member 84 can be disposed between the upright walls, being rotated around a center 
axis CI. Based on the above structure, the position of the holder member 84a can be easily 
adjusted along X, Y, and Z axes and around the center axis CI such that the first laser beam 
Kl incident on the first port 77a and the second laser beam K2 incident on the second port 
77b of the polarization beam combiner 77 emerges from the third port 77c. 

Page 59, line 11, please delete in its entirety. 

Please add the following new paragraph at page 66, after line 2: 
Although the invention has been described with respect to a specific embodiment for 
a complete and clear disclosure, the appended claims are not to be thus limited but are to be 
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construed as embodying all modifications and alternative constructions that may occur to one 
skilled in the art which fairly fall within the basic teaching herein set forth. 
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